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PREFACE

The ADOCS User Demonstration Program (UDP) was a joint effort performed
by the U.S. Army Aviation Applied Technology Directorate (AATD), Fort Eustis,
Virginia, and the Boeing Helicopter Company, Philadelphia, Pennsylvania,
under AATD contract DAAK51-82-C-0002. Demonstration flights were conducted
from Boeing's Flight Test Center at the Greater Wilmington Airport, New
Castle, Delaware. The authors wish to thank the following Boeing ADOCS
team members, without whom the program would not have been a success:

Mr. Jim Davis Program Manager
Mr. Nick Albion Engineering Manager
Mr. Paul LaSala Project Engineer
Mr. Steve Glusman Handling Qualities Engineer
Mr. John Tulloch DOCS Safety Pilot
Mr. John Bishop DOCS Safety Pilot
Mr. Bob Rayburn Test Director
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INTRODUCTION

The Advanced Digital-Optical Control System (ADOCS) contract, DAAK51-82-
C-0002, was awarded by the U.S. Army Aviation Applied Technology
Directorate (AATD), Fort Eustis, Virginia, to the Boeing Helicopter
Company, Philadelphia, Pennsylvania, in November 1981. The objective of
this 8-year, multiphase contract was to demonstrate the feasibility and
assess the performance of a digital fly-by-light flight control system
that could be used in future Army scout/attack helicopters. The contract
was initiated with five work tasks:

Task I Preliminary Design
Task II Detail Design and Hardware Fabrication
Task III Helicopter Modification and System Integration
Task IV Flight Test and User Demonstration Program
Task V Production Configuration Definition

The contract was subsequently modified to include two additional tasks:

Task VI Autorotational Control Law Development
Task VII Control Response Documentation

This report documents the results of the User Demonstration Program (UDP)
that was performed as part of Task IV during the period of April through
September 1987. The UDP involved flight assessment of the ADOCS JUH-60A
Light Hawk helicopter (Figure 1) by guest/user pilots from Government,
industry, and the news media. The program was conducted over a 14-week
period and involved 76 guest pilots flying the Light Hawk for a total of
126 flight-hours. Demonstration flights were conducted from Boeing's
Flight Test Center, Wilmington, Delaware, with one off-site deployment to
Fort Belvoir, Virginia, for 1 week of demonstration flying by senior
aviators from the Pentagon. The UDP schedule is shown in Figure 2.
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ADOCS DESIGN DESCRIPTION

The ADOCS eesign concept is shown in Figure 3. Pilot's commands from
multiaxis sidearm controllers are measured and transmitted via fiber-
optic cables to onboard digital flight control processors. The digital
processors perform signal shaping and control mixing on the pilot's
commands, and optically signal the rotor actuators to respond
accordingly. Aircraft sensor information for stability and control aug-
mentation is obtained by the processor from the optical data bus. The
system architecture uses separated primary and automatic control paths.

The Primary Flight Control System (PFCS) is analogous to an unaugmented
mechanical control system found on current helicopters. It providees a
highly reliable direct link between the pilot and the rotor actuators.
The ultimate flight-safety reliability of the aircraft is vested in the
PFCS, whicli is designed with two-fail operational reliability. The Auto-
matic Flight Control System (AFCS) provides stability and control augmen-
tation (SCAS) and mission-related "selectable" functions. Mission reli-
ability is vested in the AFCS, which is designed with single-fail opera-
tional reliability.

Modifications made to the demonstrator aircraft to accommodate the ADOCS
hardware included changes to the right cockpit station to incorporate the
DOCS pilot four-axis controller (FAC) the collective pitch controller

CPC), and the pedal force transducer (PFT). The backup control system
BUCS)/Safety pilot occupies the left cockpit station of the JUH-60A.

The BUCS/Safety pilot station retains the mechanical control system used
in a production UH-60A. The responsibility of the BUCS/Safety pilot is
to follow the controls during all ADOCS developmental flying. He
initiates a transfer back to the UH-60A mechanical flight control system
and takes control of the aircraft when a DOCS slow-over failure is
encountered. In addition, the BUCS/Safety pilot accepts command of the
aircraft if an automatic transfer is initiated by the DOCS monitor
(Figure 4) which senses rapid hard-over failures. The ADOCS demonstrator
installation is shown in Figure 5. An in-depth description of the ADOCS
design is contained in the preliminary design specification.*

*Advanced Digital-Optical Control System (ADOCS) Flight Demonstrator Pro-
gram, Interim Technical Report-Detailed Design, DOC. No. D358-10045-1,
Boeing Vertol Company, Philaddlphid, Pennsylvania, May 1983.
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Figure_5. Demonstrator Installation.
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CONDUCT OF PROGRAM

Prior to the first flight for each guest/user pilot, an ADOCS program
briefing, systems briefing, and an aircraft operations/safety briefing
were presented. A majority of the guest/user pilots flew the aircraft for
two 1-hour flights over a two-day period. Some pilots had only enough
time for one 1-hour flight. The first flight was structured as a famil-
iarization flight to demonstrate the unique ADOCS features throughout the
flight envelope (Table 1). The second flight was structured to
demonstrate scout/attack nap of the earth (NOE) mission performance
(Table 2). The UDP flight schedule is given in Table 3.

Before the first flight, each pilot filled out a personal history ques-
tionnaire as shown in Figure 6. This information was used to establish a
background/experience database that could be used during subsequent data
analysis to explain any differences in evaluation comments that could be
attributed to an experience factor. Pilot's experience ranged from
junior officers recently graduated from flight school to senior industry
test pilots with over 10,000 flight hours.

Following the last flight, pilots completed a second questionnaire
(Figure 7) which provided the outline for their assessment of the ADOCS.
Each pilot was asked to compare the ADOCS Automatic Flight Control System
(AFCS) and the Primary Flight Control System (PFCS) against the standard
UH-60A flight control system, and to make general comments with respect
to ride quality, pilot workload, adaptability to sidearm controllers,
etc. In all cases, if a pilot was not familiar with a standard system or
maneuver with which to compare ADOCS, he was given the opportunity to
respond to the question with "cannot Judge". One area of the
questionnaire requested that the pilots recommend possible changes to
improve the ADOCS performance in a future "production-type" system.
These recommendations were to be considered for possible incorporation
into any follow-on efforts under the ADOCS contract.

The ADOCS JUH-60A Light Hawk was flown by 76 guest/user pilots for a
total of 126 flight-hours. The numerical and narrative responses of the
pilots are provided in the Appendix. All pilot responses were
"digitized" by Boeing and placed in bar-graph form (Figure 8).

8



NAME: DATE:

POSITION/TITLE: PHONE:

HOME STATION:

TOTAL FLIGHT TIME (APPROX.):

ROTARY WING FLIGHT TIME (APPROX.):

ROTARY WING EXPERIENCE (LAST 12 MONTHS):

TYPE/MODEL: HOURS:
TYPE/MODEL: HOURS:

OTHER ROTARY WING AIRCRAFT FLOWN:

SIDEARM EXPERIENCE:

TYPE/MODEL: HOURS: _

TYPE/MODEL: HOURS:

NAP-OF-THE-EARTH EXPERIENCE:

TYPE/MODEL: HOURS:
TYPE/MODEL: ._HOURS: _

SCOUT/ATTACK MISSION EXPERIENCE:

TYPE/MODEL: HOURS: _

TYPE/MODEL: HOURS:-

MILITARY EXPERIENCE:
SERVICE: YEARS:

PERSONAL DATA:

AGE: HEIGHT: WEIGHT:

FLIGHT SUIT SIZE: SMALL MEDIUM LARGE

HELMET SIZE: SMALL MEDIUM - LARGE

GLOVE SIZE: SMALL MEDIUM LARGE

HANDEDNESS: RIGHT LEFT -

ADDITIONAL INFORMATION:

Figure 6. ADOCS pilot background questionnaire.
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NAME

DATE~~____ 5

ASSESS AFCS PERFORMANCE COMPARED TO
A) TYPICAL SAS ON HEUCOPTER 0 0 0 0 0 0

B) UH-60A SAS ON HEUCOPTER 0 0 0 D [ l 0

ASSESS PFCS PERFORMANCE COMPARED TO
A) TYPICAL SAS OFF HELICOPTER 0 0 0 0 0 0
B) UH-60A SAS OFF HELICOPTER E D 0 0 0 0

5

ASSESS AFCS PERFORMANCE lItls
A) ROLL

1) STABILITY 00 0 0 0 0
2) CONTROL RESPONSE 0 0 0 0 0 0

B) PITCH
1) STABILI1Y 0 0 0 0 0 0
2) CONTROL RESPONSE 0 0 0 0 0 0

C) YAW
1) STABILI1Y 0 0 0 0 0 0
2) CONTROL RESPONSE 0 0 0 0 0 0

D) VERTICAL
1) STABILITY 0 0 0 0 0 0
2) CONTROL RESPONSE 0 0 0 0 0 0

Figure 7. ADOCS pilot evaluation questionnaire.
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WHAT DID YOU LIKE ABOUT THE SYSTEM:

WHAT DID YOU DISLIKE ABOUT THE SYSTEM:

WHAT SYSTEM IMPROVEMENTS WOULD YOU RECOMMEND:

WHAT ADDITIONAL FEATURES WOULD YOU RECOMMEND:

Figure 7. Continued.
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HANDLING QUALITIES

ASSESS HANDLING QUALITIES PERFORMANCE

PILOTYS I AM YEYS

NO NONO

4 3 2

4 3 2 1 (CANNOT•
JUDGE/

m'A). GROUND TAXI 0 0 0 0

0 B). VERTICAL T.O./LANDING 0 0 0 0 0

<0a-1 C). SLOPED T.O./LANDING i~ 0 03 0 0
z D). RUNNING T.O./LANDING 0 0 0 0 0

SE). AIR TAXI 0 0 0 o0 0

A). PRECISION HOVER 01 10 01 0

SB). LATERAL FLIGHT 0 0 0 - 0
(WLSTAB& RMDA &LT.)

C). REARWARD FLIGHT
-TARADAR) 0 0 0 0T 0

0 D). MA y./ ASK 000 0 0 0

E). HOVER TURN 0 0 0[0 0(AuL MOM)

AF).LD" U T.T)O 0000 0

G). NAP-OF-THE-ERTH 0 0 0 0 0

Figure 7. Continued.
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HANDLING QUALITIES

ASSESS HANDLING QUALITIES PERFORMANCE

AFCS 4 3 2 1 CANN•OT•

2 JUDGE )
A). TRIMMABILITY [ l D 0 []

B). TURNS 00 [] [] 0 11
(eAo)

C). ACCEL.•/DECEL. 0 0 [ 0 0

x D). PULL UP/PUSH OVER 0 E -En D
"20E). AIR TO GROUND TARGETING D D

F). AUTOROTATION I

G). STRAIGHT APPROACH 'l 1 D 0 -l

H). TURNING APPROACH n] -1 n n n

I). CLIMBSD¶SCENTS 0 0 [ n n

PFCS

A). APPROACH TO HOVER 0 D 0-0 0

B). VERTICAL LANDING 0 0 0 [ 0

COMMENTS:

Figure 7. Continued.
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SELECTABLE MODES

ASSESS VALUE OF SELECTABLE MODES

5 4 -3 2 1 0

A). HEADING HOLD 0I 0 E 0 L [0

B). VEL. STAB. 0 0 0 00 LI

C). HOVER ASSIST 0 10 0 D 0 l

D). RAD. ALT. HOLD 0 D [ 0 0 LI

E). BARO. ALT. HOLD 0 0 0 0 Dl 0

COMMENTS:

Figure 7. Continued.
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TABLE 1. DEMONSTRATION FLIGHT 1

Amy Field Selectable Modes
Elapsed Circular 1-212

Event Time Task No. CORE HDG VEL RAD BAR HOVER
HLD STAB HOLD HOLD ASSIST

Cruise Flight X X
Engagement
(Introduce control
axis one at a time)

Maneuvering Flight 30 min 1021 X X X
Climbs/Descents
Accel/Decel Turns

Traffic Pattern 1022,1028 X X

Normal Takeoff 40 min 1018 X X

Precision Hover 55 min 1017 X X X X X
(Bring on selectable
modes one at a time
and repeat pedal
turns, sideward &
rearward flight)

Takeoffs & Landings 1 hr 1032 X X

Ground Taxi 1015 X X

16



TABLE 2. DEMONSTRATION FLIGHT 2

Army Field Selectable Modes
Elapsed Circular 1-212

Event Time Task No. CORE HDG VEL RAD BAR HOVER
HLD STAB HOLD HOLD ASSIST

Cruise Flight X X
Engagement
(Introduce control
axis one at a time)

Maneuvering Flight 20 min 1021 X X
Climbs/Descents
Accel/Decel Turns
Ground Tracking

NOE Flight 30 min 1035, 1037, X X
(Selectable modes 1038
as desired)

Instrument 45 min 1081 X X X

Approach

Traffic Pattern 1022, 1028 X X

Maximum 50 min 1019 X X
Performance
Takeoff

Mask/Unmask 55 min 1090 X X X X X
(perform several
times bringing on
selectable modes)

Hover OGE 1036 X X X X X

Takeoffs & Landings 1 hr 1032 X X

Ground Taxi 1015 X X

17



TABLE 3. ADOCS USER DEMONSTRATION DAILY SCHEDULE
DATE PREPARED: 9/04/87

Date Monday Tuesday Wednesday Thursday Friday Date

V22 (Bell) Apr Maintenance (R. Balzer) D. Cannon-BHT Apr

20 T. Warren-BHT 24
D. Cannon-BHT
T. Warren-BHT

V22 (Navy) Apr (R. Macklin) LTC W. Lawrence-USNC CPT 6. Jerauld-AATM CMDR R. Vehorn-USN MAJ J. Hull-USMC May

27 LTC W. Lawrence-USMC MAJ J. Hull-USMC CPT M. Granger- 1
CPT N. Granger-USA USA

SOF Massage May SOF Message Grounded Grounded Grounded Grounded May

UH-60-87-06 4 Received 8

SOF Message May Grounded Sikorsky Inspection Vibration Check DOCS Check Flight May

UH-60-87-06 11 SOF Cleared Flight X-203 Flight X-204 15

and Check
Flights

Sikorsky May Maintenance N. Lappos-Sikorsky N. Lappos-Sikorsky L. Stiles-Sikorsky L. Stiles- May

18 G. Kohler-Sikorsky G. Kohler-Sikorsky Sikorsky 22

McDonnel1 May Holiday Maintenance J. Hannan-McD J. Hannan-McD J. Hannan-McD May

Douglas 25 C. Parlier-McD C. Parlier-McD C. Parller-McD 29

AATD Jun maintenance LTC B. Lippencott MAJ W. Camona W/X CPT G. Pry Jun

1 J. Benham J. Terry CW3 B. Buoni 5
J. Macrico

AVSCON/ARTA Jun Cpt L. Haworth LTC A. Weand LTC T. Almojuela MAJ J. Drabczuk 0. Gabin Jun

8 CPT D. Jenkins LTC R. Evans C. Morse-McD C. Morse-McD 12

Rucker Jun Maintenance CW3 T. Jones ILT C. Sherrell ILT R. Wright ILT R. Wright Jun

15 ILT C. Sherrell CW3 T. Jones 1AJ C. Jones MAJ C. Jones 19
COL F. Mayer

Belvoir Jun Weather J. Burks-NASA A/C Stabilator MTF Jun

22 Deploy to Belvoir COL N. McGuire Maintenance Installation CW4 C. Allen 26

COL B. Adams A Rig MG A. Cianciolo
8G D. Funk Return to ILG

Bragg/ Jun CW4 D. Beishline CW4 0. Beishline CW3 R. Heath CW3 R. Heath Holiday Jul

Campbell 29 VOl C. Kind VO1 C. Kind CW2 J. D'Agostino CW2 J. D'Agostino 3

AVRADA/AEFA Jul DAC 1. Ehrhart (S. Blushman) DAC T. Davis CW4 J. Webre CW4 J. Webre Jul

6 DAC T. Davis CW4 J. Lyle-AEFA CW4 J. Lyle-AEFA LTC J. Hagen LTC J. Hagen 10
(J. Lowinger)

Hood Jul Maintenance Weather ILT W. Marchbank BG(P) R. Andreson CW4 N. Hutson Jul

13 CW3 N. Rosas 1LT W. Marchbank ILT B. Barklage 17
CW4 H. Hutson CW3 1. Rosas
ILT B. Barklage

Jul Maintenance A/C A/C A/C A/C Jul

20 Maintenance Maintenance Ma~ntenance Maintenance 24

(Engine) (Engine) (Engine) (Engine)

Jul A/C A/C A/C A/C A/C Jul

27 Maintenance Maintenance Maintenance Maintenance Maintenance 41

(Engine) (Engine) (Engine) (Engine) (Engine)

Aug Plant Plant Plant Plant Plant Aug

3 Shutdown Shutdown Shutdown Shutdown Shutdown 7

18



TABLE 3. CONTINUED

Date Monday Tuesday Wednesday Thursday Friday Date

Aug Plant Plant Plant Plant Plant Aug
10 Shutdown Shutdown Shutdown Shutdown Shutdown 14

Media Aug A/C A/C A/C 0. Helms D. Nelms Aug
17 Maintenance Maintenance Maintenance (Prof. Pilot)/ (Prof. Pilot)/ 21

(Engine) (Engine) (NTF) (National Def. (National Def.
Nag.) Hag.)
MAJ G. Jerauld- (H. Albion)
MTh

Media & Aug Maintenance D. Green LCDR Horton Weather CW4 W. Stoneburg Aug
Lewis 24 (R. Dunn) (Rotor & Wing) (Def. Hal. World) WO1 W. Cheek 28

LCOR Horton (B. Blake)
(Def. Hal. World)
D. Green
(Rotor & Wing)

Media Aug Maintenance R. Ropelewskt R. Ropelewski LTC D. Cahill (J. Davis) Sep

31 (Avn. Week & Space (Avn. Week & Space M4AJ T. Kraatz (K. Landis) 4
Tech.) Tech.) (R. Neuleners) (H. Conover)
(R. Rayburn) CW4 L. Scott (G. SeehousZ)

(P. Lasala)
(F. Dones)

19



CONCLUSIONS

Based on analysis of the guest/user pilot ratings/comments, the following
conclusions are offered:

1. The fact that the ADOCS JUH-60A Light Hawk is controlled by a
digital fly-by-light coiitrol system was transparent to the
pilots.

2. The ADOCS force-type sidearm controllers were well received.
Adaptation by the pilots was quite rapid.

3. The ADOCS PFCS was as good as a typical unaugmented (SAS OFF)
mechanical flight control system.

4. The ADOCS core AFCS provided better response than current
operational stability augmentation systems.

5. The ADOCS AFCS provided exceptional aircraft stability (HANDS-
OFF hover for 5-10 seconds).

6. Roll stability/response was excellent.

7. Pitch stability/response was good.

8. Yaw stability/response was average.

9. Vertical stability/response was poor.

10. AFCS "Selectable Modes" of Heading Hold, Altitude Hold, Velocity
Stabilization, and Hover Assist reduced pilot workload during
scout/attack (SCAT) maneuvering.

11. Torque control in the vertical axis was difficult using the
force-type (no displacement) sidearm collective due to the
absence of a displacement cue that is normally provided by a
conventional collective stick.

20



RECOMMENDATIONS

The following recommendations are offered:

1. Additional developmental flight testing should be conducted to
resolve the shortcomings noted by the UDP pilots.

2. A "displacement" collective sidearm controller should be
designed, integrated, and flight-tested in an effort to improve
vertical axis performance.

3. A UDP should be included as part of all future developmental
contracts. The UDP not only transferred the ADOCS technology to
the user community but also provided a critical assessment of
the ADOCS technology from the unique perspective of pilots who
operate in the real-world "field" environment.

21
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GLOSSARY

AATD Aviation Applied Technology Directorate

ADOCS Advanced Digital-Optical Control System

AFCS Automatic Flight Control System

BUCS Backup Control System

CPC Collective Pitch Controller

DOCS Digital-Optical Control System

FAC Fou'-Axis Controller

NOE Nap-of-the-Earth

PFCS Primary Flight Control System

PFT Pedal Force Transducer

SAS Stability Augmentation System

SCAS Stability/Control Augmentation System

SCAT Scout/Attack

UDP User Demonstration Program
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